Tree Wormwood (Artemisia arborescens L.) is a Mediterranean medicinal herb known for its anti-inflammatory properties, mainly because of the high chamazulene content of its essential oil (EO). Herein are presented the results of an investigation concerning the seasonal variation in the chamazulene content of the EOs of three Cretan natural populations of A. arborescens by combined GC-FID and GC-MS analysis. Results highlighted a population containing EO rich in chamazulene at amounts exceeding 50% of its quantitative composition at the full flowering stage, which is the more appropriate vegetative stage for harvesting. Hydro-distillation of the respective plant material in five different pH environments increased, in all cases, the chamazulene yield, with the most efficient pH value being 8.3, when the chamazulene amount increased 1.3 times compared with distillation under neutral conditions, reaching 65.1% of the total content of EO.
Tree wormwood (Artemisia arborescens L.) constitutes a welldocumented ethno-botanical remedy for the treatment of various diseases both in the Americas [1] and the old world [2] . The relevant primary ethnopharmacological reference dates back to the 16 th century and is geographically allocated to the Mediterranean basin, the tree wormwood area of origin [3] . The herb's wide geographical expansion [4] , along with its longstanding medicinal reputation, led to the establishment of A. arborescens as an intriguing research subject.
Among the various natural products obtained from tree wormwood, its essential oil (EO) bioactivities have attracted the greatest attention, becoming the main objective of numerous research endeavors. As a result, tree wormwood EO has been attributed with potent anti-inflammatory [5] , anti-microbial [6] [7] , inhibition of angiogenesis [8] , chemo-preventive, anti-oxidant [9] , and antiviral [10] activities.
These results have initiated an enormous research effort directed towards the study of the chemical composition of various EOs obtained from different geographical origins. In this respect, numerous EOs from Libya [7] , Italy [9, [11] [12] , Algeria [13] [14] , Lebanon [15] , and Turkey [16] have already been investigated, establishing the presence of three distinct chemotypes with significant differences in the respective major components concentrations. In most studies, camphor, β-thujone, and chamazulene have been found to account for more than 50% of the EO. It must be noted however, that a distinct chemotype was reported to yield EO containing more than 50% of chamazulene [9] . Chamazulene, 7-ethyl-1,4-dimethylazulene (IUPAC name), is generally considered as the degradation product of proazulenic sesquiterpene lactones [17] that naturally occur in the EOs of the following Asteraceae plants; Matricaria sp., Achillea sp. [18] , and Artemisia sp. [19] [20] . Chamazulene is an extremely valuable molecule with unequivocally documented activity as a very potent antioxidant [21] [22] . Moreover, Ramadan et al. [17] recently documented its anti-inflammatory activity linking this molecule with matricin, a well-established natural therapeutic agent. In this respect, research on the exploitation of a natural renewable resource of chamazulene is well justified and Ornano et al. [9] have already indicated that the EO of A. arborescens may be considered as such a source. Therefore, further research should focus on the potential for optimization of the chamazulene content of the respective EO.
Mindful of this goal, the study presented herein was pursued mainly through the modification of the hydro-distillation process conditions and the respective analyses of the obtained EOs. More specifically, three natural populations of the species growing in the island of Crete were selected and after implementation of a seasonal variation screening, the most promising population was consequently subjected to alkaline, acidic and neutral hydro-distillation. All the relevant details concerning the herbal material and the respective EO yield are presented in Table 1 . Analyses of the EOs obtained from the Cretan populations of A. arborescens revealed that they belonged to the chamazulene chemotype. In total, 47 phytochemicals were identified in the studied EOs, of which three were major ingredients. Chamazulene was the prevailing compound ranging from 26.5% in winter to 51.1% in full flowering; the same pattern was also revealed for camphor, which escalated from 18.9% to 32.2%, while for βthujone a significant increase in the EO content was observed from winter (8.3%) to early flowering (14.8%), and a sharp decrease during flowering (6.4%). [12] , β-thujone (45.0 to 47.6%) [6, 23] and chamazulene (51.5 to 51.8%) [8] [9] . Finally, Algerian EOs contained high percentages of chamazulene (30.2%) and β-thujone (27.8%) [13] .
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The EOs obtained from the three Cretan populations initially investigated herein were also found to contain camphor, β-thujone, and chamazulene as major components, with the addition of bornyl acetate. The three vegetative stages studied correspond to those of dormancy (December), early flowering (April) and full flowering (May). The results, presented in Table 2 , highlight the most promising source for further investigation as population (a) that contained 51.5% of chamazulene. In the respective samples, the abundance of the four major ingredients displayed an uneven fluctuation. In particular, the amount of camphor increased slightly along the route to flowering. Similar patterns were observed for βthujone and chamazulene, while bornyl acetate was slightly decreased. These results are in agreement with data for β-thujone fluctuation obtained in a previous study for the seasonal variation of A. arborescens EO [9] . On the other hand, a differentiated distribution of chamazulene content was observed, since this amount was slightly decreased from dormancy to early flowering and then presented a significant increase. The other two major compounds of Cretan EOs, camphor and bornyl acetate, were not detected in the Italian EOs.
Subsequently, for the EO of the selected population (a), we investigated the relationship between the recovered volume of chamazulene and the distillation conditions at five different pH environments. The respective results are presented in Figure 1 , and are discussed against the results of the May collection distilled under neutral conditions, which is considered as the comparison base. This comparison indicated in all cases a sharp decrease in βthujone, camphor and bornyl acetate amounts and a significant increase of chamazulene content, in both acidic and basic conditions. The best recovery rates however were obtained under moderate basic conditions. It must also be noted that the camphor concentration was counter fitted as compared with chamazulene content, indicating the distillation's optimization, since camphor is commonly accepted to occur as an artifact of the distillation process. The case of β-thujone was more complex, since during acidic distillation a minor increase in concentration from 3.3 to 6.5% was observed, while under basic conditions the increase significantly reached 20% at pH 9.9 and 40% at pH 8.3. Finally, the amount of chamazulene increased by 6.4% at pH 3.8, 16.0% at pH 5.5, 27.3% at pH 8.3 and 23.6% at pH 9.9.
The increase in chamazulene yield in an acidic environment of Tree Wormwood distillation may be rationalized considering the fundamental mechanism concerning the conversion of precursor matricine into chamazulene carboxylic acid and consequently to chamazulene in artificial gastric fluids, as described by Ramadan et al [17] . On the other hand, the respective sharp increase of chamazulene yield under basic distillation conditions is well explained considering the chemical nature of precursors of proazulenic lactones, which are chemically labile under basic conditions and prone to degradation [26] . Finally, it is evident that under extreme acidic and/or basic conditions heating-distillation of these molecules provides mainly degradation products decreasing accordingly the chamazulene yield.
In conclusion, A. arborescens EO was determined herein as a very promising source for the retrieval of chamazulene. In addition, the use of moderate basic conditions increased significantly the respective chamazulene yield, which reached 65.1%. The existence of chamazulene chemotypes through-out the herb's area of origin is well established and further research in this perspective should focus towards the delineation of the underlying cause for the increased chamazulene content, exploring both genetic and environmental parameters. Also a subject that deserves merit for further experimentation is the fine-tuning of the distillation conditioning, which could provide higher chamazulene yields and optimized EO composition. Table 1 .
Experimental

GC-FID and GC-MS analysis:
All GC analyses were carried out on an Agilent Technologies 7890A gas chromatograph, fitted with a HP 5MS 30 m x 0.25 mm x 0.25 μm film thickness capillary column and FID. The column temperature was programmed from 60 to 280°C at an initial rate of 4°C/min. The injector and detector temperatures were programmed at 230 and 300°C, respectively. Hydrogen was used as the carrier gas at a flow rate 1 mL/min. GC-MS analyses were performed on the same instrument connected with an Agilent 5957C, VL MS Detector with Triple-Axis Detector system operating in EI mode (equipped with a HP 5MS 30 m x 0.25 mm x 0.25 μm film thickness capillary column) and He as the carrier gas (1 mL/min). The initial column temperature was 60C and heated gradually to 280C with a 4C/min rate. The identification of the compounds was based on comparison of their Retention Indices (RI), using various n-alkanes (C 9 -C 24 ). Also their EI-mass spectrum was compared with those in the NIST/NBS, Wiley libraries spectra and literature [24] [25] . Additionally, the identity of the indicated compound was confirmed by comparison with available authentic samples. All authentic samples utilized for the identification of EOs compounds were obtained from Sigma-Aldrich, with the exception of germacrene D and α-thujene, which had been isolated in the context of previous studies.
Supplementary data: Chromatograms of A 01 to A 07 EOs.
